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ABSTRACT ' * 'T - * 

The purpose of the present study was to assess the 
■^JLerall e.f f ectiveness of a program of selected mathematical / 
experiences for kindergarten* children implemented thro4igh aiT , ^ 
inservice teacher education program. A total of 284 children from 10 
public schools participated in the ^udy. A booklet containing 
sugge-sted-te^ ogling methods, special instructional iffaterials, 
alternative methods for" teaching mathematical concepts, and useful 
!r*eferences was developed for the teachers. It included a variety of 
^at-athemratical activities in the areas of set theory, numeration, 
geometry, and measurement. Supplementary materials, such as weekly 
and daily plans an3 a materials checklist, were also incl\ided. 
Activities were related to the^ child's real-life experiences, level 
of competence, and interests; and were intended to be interesting^ to 
encourage creativity, and to be easily incorporated into typical 
kindergarten activities. Three inservice meetings for participating . 
teachers were held following the pretesting of the children. The 
Comprehensive Mathematics Inventory was used in. the study. Despite 
the lack of control group comparison measures^ re^ul^ts . indicated that 
the . curriculum design was effectiye-. ^(Atit hor/E'd). ' " - ^ 
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. A.>nuiii;€f.of/receat ^s-tufiies 'have focused attention on the mathenatical 
knovledge of young cljildren (e.g., Rey and Reys,.1970; Button, 1963; Heard, 
^- 197'Q; B^oneT-ud,' 1957').^ Although such studies vary considerably in their 
^Airie-tl^iic/logles, investigators a,^e consistent in finding that inafiy kinder- 
'ga^t^n-cHil^tQ:) possess a considerable an:ount of mathematical awareness, \ 
^ and. t^ie.Eiathenatlcal knowledge .possessed by these children often can be 
usfed in relevant, life-like situations. 

Despite the ^encouy^gfng findings about. the niathe^-natical understandings 
of najiy young kindergarteners, there appear to be few investigations of' 
^TCurc^WlS'^cKat foster such conipetcncies. Generally speaking, tnathcmatically 
i - - *t)ii|ijvtea curricula are based on two interrelated themeis: First, there 

are co'grritj5^7,' based- nodels in which the developing competencies of th^ 
V child sre iT.corporateci. - ^cond, diere are models that enpha^i'se developing 

mathematical^ competencies through varied teaching methods and materials. 
/''^^"\A third' approach,- one based- on in-sexyice teacher education (Norris, 1969; 
{WDutton and HaczTond, ISM^ZHmiSIiL^ ^^-^ nathematical 

^'^''^knowTed«>e- of tesch^r-s. Exploration of teaching\i!TetUGd^ and naterials and 

^^.^U**- — o - f » . 

Ca^ increasing the teachers' cachecatical knowledge ar6 a >art of these studies. 
€f% Few studies are available. wKich/assess the mathematical knowledge of the 
'■'--C^ kindergarten 'child and whi^eh ej^ourage ima^ginative ^xpl6ration of teaching 
nja.teriais""kcd nethod^J^Eo^f acilitate and extend this knowledge. The purpose 
of TK^ present sttidy i^;as to assess the overall effectiveness of a program 

t)f selected nathenatit^i experiences for kindergarten children through 

~ ^ {^/ - 

^ ia--§ervice teacher education, v * < * j 
■ — — : \. . . ' " 



O This rossarch iis bas^d on a portion of that reported in the author's 
EBs^Ci.D.. dissertation conducted under the direction of Dr. Charlotte W. »Junge, 



^ Method • ' 

' ^ Tne selected saniple consisted of 617 white, predcr^inantly middle 
class kindergarten children atter.ding 10 public schools in* Van Dyke> 

r 

Michigan. However, due prin^rily to a chicken pox epidemic, complete 
data were available foV only 284 of these children (143 boys and 141 
' girls)-; * ' • 

Curriculug ^ . 

V 

Prior to initiation of their study, a Kindergarten Matheniatics 

* 

checklist consisting'' of categories including matheaatical concepts 
related to set theory, nunieratibn, geonetry, and lueasurcment was sent to 
20 experts in ^jthenatics education and early childhood educatixbn with 

>^ ' an acconpanying J.etter requesting their opinions regarding the t'^aching o 
these concepts in' kindergarten mathematics. Their answers provided the 
base for curriculum content selection. The resulting instructional 
booklet titled "One and One More*' was designed to include a variety of 
nather^tical activities in the areas of set theory, numeration, geonetry, 
and measureneat. This booklet contained suggested teaching methods, 
special instructicnai' niatcrials, alternative ncthods for 'teaching 
Taatheniatlcal concepts, r.nd references for teachers' use. Additional 
procedures, forms, and materials were developed to provide^organizational 
continuity and to facilitate efficient implenentatipn of tlT^'evaluation 

, of the program's effectiveness* These supplementary materials included 
weekly glan logs, daily enrichment 'plans, a kindergarten materials check- 
list, and a .teacher personal data checklist. 
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AH these materials were prepared for caachers in accordance vith'«^ 
the rationale that they be related to the child's real-life -experiences, 
his level of cor.petente, ■ and his interests. ' Furthermore, they were 
intended to be interesting, to encourage creativity, .and-^to be- easily 
incorporated into the everyday ongoing activities of the kindergarten. 
The prescribed individual activities, group sessions, art, music, literature, 
and ganies were intended to encourage creative and manipulative mathematical 
activities. A daily period of 20-30 minutes was set aside for these 
activities and teachers c-valuated each activity by entering notatipns in 



a weekly log. In order to impleriient the cxpericental curriculum 
ecEfectiveTy, three in-service meetings were held with the 11 teacher 
volunteers following the pretesting of the children. One additional 
meeting was held'aftcr the posttcst as neans of reportingljche results 
of t1ie study to participating teachers. Details of the pro^l^m Itself, as 
well as its development, can be obtained from Lazarus' (1972). 



Instrumentation 



The Comprehensive >fitliraat ics Inventory (Reys and Rey, 1968) was 
administered for the study. ^11 children were tested individually 
according to standard instructions. The thirteen scales included in 
the Compre.her.sive Mathenatics Inventory, and the abilities measbred by 
the scales, follow: ^ " ' 

' Money. Identification . Ability to recogniEe coins. 

Maklrf: Char.i:e > Ability to recognize value of coins, ability to solve 
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sicjplo vTord prob]':r«. > 

Vocabulary ♦ Ability to follow one suop directions, involving use 
of specific words, directioncl words, numerals, rote and rational 
counting through 20, knowledge of befoxe and after nui.ibcr concepts. 
Ability to follow directions with vocabulary such as *'pair'% ''few'', 
'many". Size ordination, recognition, recognition of nusierals, ability 

to follow one-step direclS^n by naming objects, counting objects, 

i 

pbinCing to correct nunr.erals, one-to-one correspondence, conservation, 
directionality, were included. 

Depth Pciceotlon ^ Ability to distinguish near from far. 
Fractions . Ability to recognize h ancl h pie. 

Weight , Ability to distinguish differences in size and weight of .objects 
Geometry . Ability to recognize, r.atch, knov properties 'of geometric 
shapes, lines. , * 

Tine. Ability to tell tir.e on, hour, half-hour, ninute; ability to f 
recognize and use calendar and to know days of week, months, child's 
birthday. ' 
^ Measure . Ability to recognize and to use yardstick, ruler, thermometer, 

•scale. 

Memory , Ability to repeat numeral sequence after 5 second interval* 
Auditory . Ability to repeat an. auditory numeral sequence. 
Tap . Ability to repeat tapped numeral sequence. ^ 
Tactile . Ability to repeat tactile numeral sequence. 



Procedures 



Data were gathered by 15 V.'ayne State University Juniors and Seniors 
who were trained through a series of seminars, informal meetings, arid 
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Note— loadings with absolute values less than .35 are not reported. 
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obser^•acions of tost ^dr.inistrat*on c£ the'ccr.pr^h^sive Mathematics . 

■ Inventory. Both' pre- .nd postte.sts ware adnir.istcrcd in two parts: ^ 
First', the .oney identification, r.kir.g change, and vocabulary subscales 
of the Comprehensive Mathecatics .Inventory were adninistered ; Second, 
on a separate day. the regaining portions of the inventory were _ 

■ completed. This procedure insured that testing sessions would not be ■ _ 
so lengthy as to Exceed the li..its of a child's attention span. Although 
quite varied, the typical tine per session was approxitnately 30-to-40 
ninutes. Each tester recorded individual pupil responses on the Inventory 
test booklets, and these data were later transferred^ to individual pupil ^ 

^ -data s'^ets. Children were tested prior to the onset of the progra. 

(pretest) and following its conclusion eight weeks later (posttest) . ^ 
Analysis 

» ' TO test each pr.-\o posttest change of the 13 criterion scales in- ^ 

dividually for sigr^ficance is ^ inappropriate' because such a procedure 
ignores the complex intordependencies a.ong the .oasures. ^Therefore, in 
order to parsimoniously interpret the multivariate data fron the various . 
subscales of the Comprehensive Mathenatics Inventory, a gener/l factor 
analysis of 'liiTetest scores was conducted: 

First, i 13 X 13 correlation natrix was generated and a principle com- 
ponents solution obtained, using the Statistical Package for the Social 
■ sciences co^^er pac'^ge Xsee: "Me, Bent, and Hull, 1971). 

Second, the 13 eigenvalues of the correlation matrix (Part of the 
Statistical'package for the Social Sciences outpC,) were plotted graphically 
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in the serial order of thoic r.agnitude. A scree test was condi^cted to 

« 

decide c-i the nunibcr of factors to \>e specified for further analysis 
^ (Cattcll, 1966)* Four factors wrre indicated by this test, 

' Thi/d» a principal factor solution was obtained assuming the presence 
of f our joimon factors. "Aifive-f actor solution was also obtained, but 
the additional factor was found to be specific. 

Fourth, the resulting four-factor solution was rotated according to 
the Varimax criterion to simple structure- An oblique solution was also 
attempted, but the resulting factors were less satisfactory for intcrprcta- ^ 
tion. 

r- 'Fifth, factor score coefficients were obtained for each of the resulting 
four ccxcon factors (another standard output of the Statistical Package for 
the Social Sciences program). 

Factor scores were obtained for each child in the sample on both the 
pretest and posttest using the pretest factor score coefficients as weights. 
In this TT^nner the nur.ber of criteria on which changes in perfonnance 
were registered was reduc^ from 13 intercorrelated scales to four independent 
factors. The sample was broken down according to sex, and t-ratios for 
correlated samples used to test the significance of each pre- to posttest . 
change for males and females on the four factors. 

Results 

The four factor solution accounted for approximately 58% of the total 
variance of the measurement battery.^ Corjnunalities ranged from a low of - ^ 



^Dr. .Herbert C. Richards, University of Virginia, helped with the 
analysis of these data. , ^ ^ ^ *. " 



.12 (Fractions) to a high of .84 (Vccabulary) , with a median corniRunality 

of Measures with, loa^clings exceeding an absolute value of ,35 are 

.reported .in Table i toge^er with their ccT.*nanalitics (bj^). Measures 

* not reported due- to insufficient loadings on on$ or core of the corjr.on 

factora were: Depth Perception, Fractipns, and Auditory Discrimination. 

Significant (p(.Ol) pre- to posttest , changes were found on Factors I, 

II, and Hi, but ainost no change took place on Factor IV. These results 

t 

were consistent for both the total .,;5,axaple and for boys and girls viewed 
separately. Table 2 presents both these findings and descriptive statistics 
for the individual scales loaded on each factor. . 

Disqussion*^ 

As with nj^ny other studies of e:<perimental curricula, the present in- 
vestigation suffers from the lack of a suitable control group/ Therefore,, 
it may be argued, that the perfbrniance changes reported in Table 2 refl(^ct 
developmental growth (or. possible Havthorae effect) as much as possible 
effects of* the experimental program^ However, the present author finds 
it difficult to imagine how any influence other than the experimental 
curriculum could have effected change specifically on Factors I, II, and 
III (factors that included variables targeted by the cxperimentdl program) 
leaving- Factor IV unaffected. It is at least plausible to believe that 
changes were due largely to intervention, although undoubtedly other 
uncontrolled variables exelrted some .influence. - \ 

A second criticism directed toward many studies of intervention 
effectiveness, that curricula are designed to specifically train children 

* > 
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to do well on the criterion measures (i.e., training in test taking), 
cannot be app.licd to the present investigation. Not only were teachers 
uninformed as to the criteria us'ed (at least until after the data on 
the children were obtained), but the Cor.prehensive Mathematics Inventory 
was selected as a criterion instrument after curricular materials and 



methods were developed. This procedure||^nsured the conceptual and 
©^rational independence of the experimental -program from the selected 
criteria. . . ^ " - ^ 

The four *f actors ca^erging from the pretest data are both statistically 
and conceptually meaningful, and each will be discussed separately. 

Factor I > As can be se^n in Table 1 this dim&nsion consists of 

V 

the* Tap andrTactile subscales of the Inventory and has been named 
the "tactile" dimension. The finding that these scales group 
together cnpirically corroborates earlier studies indication that 
tactile and auliitory discrimination are highly related 'abilities. 
Measured ability on this dimension -changed signif dcantly over 
rhw eight week period (see Table 2), 

• • V 

Factor 11 .^ ^ This category includes the subsrales vocabulai*y, 
!tiei:nory, geometry and weight and is entitled "Verbal" in Table I', 
' Th'ese dimensions include^cognitive, verbal, motor skills which 
aire interrelated. Abilities measured^ changed significantly (see 
Table 2). 

Factor III . As indicated in Table I, this djtaensrbn consists of ' , 
Inventory subscales Time, and Measure which a,re cpncerned wi,th 
measuTcnent relatpd to time (recognition aad functions of clock^ 
and calendar) and with various measurement devices and thelTr uses. 



Significant;* char^g^is ocicurcd in this area as is shown in Table 2. 
/ Factor TW ''This facccr^ includes abilit^ies related to coney and 

making change and tfid not change significantly over the eight 

week period (see Table 2). Empirically these diaensions are 

consistent with other studi^, ... 
'The results thus indicate strongly that the curriculum design was 
effective. A fruitful continuation would be the use of - this curriculum 
vit;h an. experimental-rcontroi^research design* Possible alternative 
approaches include use of a rural population, use of curriculun without 
in-service training of teacher, ancj use of curciculura over longer time 
period* . ... , 
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